INTRODUCTION
INTRODUCTION

I. GENERAL CONTEXT
The usual way to cover needs in electricity and heat is to purchase electricity from the local utility and generate heat by burning fuel in a furnace (Fig.1 ). However, a considerable increase in total efficiency is achieved, if cogeneration is used (Fig.2) . A well-designed and operated cogeneration scheme will always provide better energy efficiency than conventional plant, leading to both energy and cost savings. A single fuel turbine is used to generate at the same time, heat and electricity, so cost savings are dependent on the pricedifferential between the primary energy and the bought-in electricity that the scheme displaces. However, although the profitability of cogeneration generally results from its lowpriced electricity, its success depends on using recovered heat productively. Consequently, the major criterion is a suitable heat requirement. These cogeneration systems have a large capacity which is able to supply enough thermal energy to the thermal load. However the electric power generated is insufficient to satisfy the electrical load. Therefore the insufficient/excess electrical energy is supplemented by electrical energy buying/selling from the utility. For the external interface, each industrial plant can work with various energies markets: spot market, bilateral market (takeor-pay contract) and gas utility. Operation optimization of complex industrial units is a challenging task for any optimization expert. No matter witch objective is applied the optimization must take into account both the electrical and the thermal side simultaneously. The complexity of the entire operational planning problem requires a subdivision into different time horizons. Yearly and weekly planning must precede daily scheduling. But as long as term considerations are usually based on the results for characteristic days, the daily generation scheduling is of central importance for the whole operational planning procedure. The important task of local unit commitment involves scheduling the on/off status, as well as the real power outputs, of thermal units for use in matching forecast demand over a future. The resulted schedule (optimal solution) should minimize the system production cost during the period while simultaneously satisfying the electrical and thermal demand, physical and operational constraints for each of the individual units. Improved local unit commitment schedule will save the money in production costs and the value of energy saved repays the cost of efficiency within a few years. In conclusion, the unit commitment problem is an important optimization task in the daily operation planning in the new deregulated context of power systems.
II. LITERATURE SURVEY
Generally, the scheduling problem has been formulated as a nonlinear, large scale, mixed-integer combinatorial optimization problem with constraints. Surveys of literature on the unit scheduling methods show that various numerical optimization techniques have been employed to approach the optimization problem [1] - [8] . Some progresses are made in optimization algorithm, e.g. priority list methods, integer programming, dynamic programming, branch and bound methods, mixed integer programming, Lagrange relaxation methods [2] [3] [7] and genetic algorithm [3] tool for optimal energy management in an industrial set up with both gas and steam turbine cogeneration plants is reported [8] .
III. PROBLEM ANALYSIS
General aspects
Present study concentrates the customer adoption model: his option to install the cogeneration or to continue with his classical furnaces, utilizing for both the same algorithm for optimal unit commitment. The central question of our proposed work is: which is the best operation mode at any instant of time for each proposed system? And, what is the operating cost difference?
The aim of the generation scheduling is to minimize the whole system operational costs in order to meet the demand of both, power and heat, for the different time horizons of one day, one week up to one month. The operable costs which can be included in the optimization model are: fuel/gas consumption costs for steady operation and for start-ups of site facilities and any costs for purchasing energies from external markets or utilities.
The daily generation scheduling in integrated power and heat supply systems consists of the two subproblems: unit commitment and load dispatch. This means that the start-up / shut-down points and the power and heat output levels for each unit must be determined for each time step interval according to all the relevant operational and markets constraints.
Here we find the minimum up-down times for units, any bounds on amounts of energy too (e.g. take or pay contracts, minimal quantity of energy bidding for the day-ahead energy market) and specifications concerning some purchase/sell contracts. Based on the estimated costs for self-production, offers can be made.
The most important question to be answered is whether to produce electricity on one's own or to buy it at the market places.
Relevant data simulation
Besides electrical and thermal loads some further operational modes must be defined. Crucial requirements for every future operational planning are the weather and load forecasting for the optimization period as accurate as possible. In the present work, we use a daily time optimization period. Generally, for the daily planning, these predicted curves are approximated by step functions with discrete values for time steps of one hour. Particularly, in this work, we preferred to use the past load measurements which are derived from historic patterns. The electrical and thermal loads of a facility are functions of time in this work. Each particular form of energy needed has its own profile: electricity and thermal energy. Performing system study with average loads will result, in most cases, in low annual total efficiency, low annual fuel energy savings ratio and low economic performance. Ideally, the study should be based on knowledge of each particular load (energy form) for each hour of the year. The difficulty always is how to collect and process the pertinent data in order to produce more or less accurate profiles. There may be a need to collect more accurate and detailed information about load profiles. Detailed technical specifications of the main unit(s) are written down, including the capacity, efficiency and capability controls.
Optimization strategies
The operation strategy is characterized by one criterion on which the adjustment of the electrical and useful thermal output of a cogeneration system is based. There are various possible trading strategies: heat-match mode, electricitymatch mode and mixed-match mode. Electricity-match strategy. The generated electricity at any instant of time is equal to the electrical demand. If the generated heat is lower than the thermal demand, an auxiliary supply system supplements for the needs; if it is higher, excess thermal energy is offended. Heat-match strategy. The thermal output of a cogeneration system at each instant of time is equal to the thermal load. If the generated electricity is lower than the load demand, supplementary electricity is purchased from the network; if it is higher, excess electricity is sold to the network. Mixed-match strategy. In certain periods of time the heatmatch mode is followed, while in other periods the electricitymatch mode is followed. The decision is based on considerations such as the load levels, the fuel price and the electricity tariff at the particular day and time.
IV. MATHEMATICAL FORMULATION
The local unit commitment problem with liberalized electricity markets with given heat and electricity load is the complex problem to be dealt with. So the tool can be adapted to very different situations and many applications. Moreover, a precise cost structure and a detailed model to include and consider all possible technical restrictions has to be incorporated in this tool. It has to be made clear which input quantities are really uncertain and which of them can be accurately determined. Properly dealing with the uncertainties that can not be resolved is important in the optimization process to avoid wrong schedules. The cost function is responsible for the main output at the end of the month. To achieve this goal, the optimization model uses inputs from the configuration as well as inputs from the gas utility and two energy markets ( Figure 3 ): spot market and bilateral market (take or pay contract). The inputs are divided into 2 groups: the fixed and the variable parameters. For each step of the optimization interval, the fixed parameters are: technical characteristics for the furnaces et for CHP, fuel and O&M costs, project lifetime (25 years), systems capital cost, fixed energy cost for the take or pay contract and access rights to electrical utility.
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The variable input will be the electrical and thermal energies demand and the spot market price for the following days (hour by hour), supplied one month in advance. The fixed maximum and minimum generation levels of the furnaces / CHP's can be changed to see what will be the effects on the cost of electricity. Solution of optimal operational schedule is subject to satisfying all of the operational constraints as well as the objective function. The problem can be described as follows: 
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In this paper, we apply a Lagrange Relaxation and Genetic Algorithms method in solving the scheduling problem []. The basic idea is that Genetic Algorithms are incorporated into Lagrange Relaxation method to update the Lagrange multipliers and improve the performance of Lagrange Relaxation method. A description of this combined method is presented in [3] , [7] . The Genetic Algorithms is combined with the Lagrange relaxation method for "temporally ignoring" the coupling constraints. By multiplying the constraints with the Lagrange multipliers, λ and μ, and including them in the objective function the primal problem (1) is transformed into an unconstrained optimization problem, called the relaxed problem. This procedure of relaxing method is based on the dual optimization theory. It generates another problem by considering the couple constraints into the objective function through "penality factors", referred to as Lagrange multipliers which are iteratively determined in our algorithm. For finding and updating the Lagrange multipliers we utilize the Newton Reflective method iteratively (Figure 4 ). 
V. SYSTEMS DESCRIPTION
The systems design for a particular industrial plant is presented. The cogeneration plant under this investigation has a specific configuration. At the same time, we want to demonstrate the availability of our CHP optimal solution comparative with the usual solution. Usual solution is when the electrical energy is totally imported from the external markets (day-ahead energy market and/or the take or pay contract) and the thermal energy is locally produced with an on-site furnaces. This study has been applied to a supply system which supplies an industrial plant with electrical and thermal power demand.
Usual system
Here we consider a usual system, four gas-furnaces composed, with given heat and electric power demand and the possibility to buy electric power from a take-or-pay contract and from the spot market. The usual thermal energy production system ( fig.1 ) consisting of these furnaces have the different rated powers and technical characteristics below (Table 1) . For the furnaces the inlet energy flow is represented by the fuel consumption and the furnace heat output flow is the outlet energy flow. The fuel consumption is described using a linear equation with the constants α 1 and α 0 (2A). A time dependent term describing the operation status (on-off) is included (3).
Cogeneration system
Here, the general context is the same with the usual system, replacing the four furnaces with four cogeneration systems (Figure 2 ) with the different technical characteristics (see Table 2 ).
(1) The relation between the power and heat production is described with plant-characteristics maps (2), (3), generally called PQ -charts [7] . They consist of three straight lines with the constants β 1 and β 0 , ε1and ε 0 , γ 1 and γ 0 , respectively ( Figure 5) . A time dependent term describing the operation status (on-off) is included too. Figure 5 shows the feasible solution set for electric power and steam flow output (2B). The allowed operation modes are limited by: maximal and minimal inlet steam flow (or maximal furnace output), maximal and minimal generated power and maximal and minimal ratio between heat flow through the condensing part and inlet steam flow to the turbine. Conditions for export of excess power to grid and corresponding revenue are also incorporated in this case.
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Electrical and thermal loads
All, electrical and thermal load (hour by hour models of a typical year) are the same for each case. At this level of approximation, for each hour of the month quantities such as the following data are acquiring, taking into consideration any decisions regarding the operation mode of the usual and cogeneration system. The shape of this demand is derived from historic patterns. Thermal and electrical hour-monthly load profiles are shown in Figure 6 . 
Spot market modeling
Electricity spot prices are the main uncertain factor for the long-term optimization models. Such as load demands, the shape of energy price variation is derived from historic pattern [9] . Spot prices might significantly influence strategies for the unit commitment and the load dispatch problems. The cost for buying electric power at the spot market is always equal with the price for selling excess power. Therefore, the optimally bought amount of electric power from the spot market will always be zero when the sold amount is non-zero. The opposite is also true.
Take or Pay Contract
This type of contract is included in the model for buying electricity and fuel. The take or pay contract is an agreement between a buyer and a seller in which the buyer will still pay some amount even if the product or service is not provided. Its consideration in the portfolio supply is derived from inferior energy price.
VI. COMPUTATIONAL RESULTS
The CHP software is combined with the simulation model, in order to solve the optimization problem under specified constraints. Numerical results are presented, attesting to the CHP efficiency after long term optimization (one month anticipated results) on a specified study cases. For a long-term simulation, the input data required are: yearly hour by hour electrical an thermal loads profile; technical characteristics for the supply systems; economical fixed parameters; buying/selling energy price from/to the PowerNext French Energy Market [9] , buying energy price from take or pay contract and from the gas utility (see Figure 7) . Different simulations were carried out to establish the optimal operational scheduling for every hour of month, using the Genetic Algorithm, Lagrange Relaxation and Newton Reflective iteratively.
Total cost. SPOT buy TOP buy GAS buy The imported power from the grid under optimal response is shown. The exported power to grid is maximized for this month ( Figure 9 ). The previous results are for the specific configuration of the two supply systems for our industrial plant. The CHP choice and its optimal unit scheduling, show the operational cost saving effectiveness which is improved by up to 50% of efficiency rather than the separate systems for the electricity and heat.
VII. SOFTWARE FEATURES
For the operation of cogeneration systems, in particular, software control system are developed (see Figure 10 ). It can provide the capability to operate in a base load mode, to track either electrical or thermal loads, or to operate in an economic dispatch mode (mixed-match mode). It can be used to monitor cogeneration system performance, including: global system efficiency; amount of useful heat available; electrical and thermal requirements of the user, the amount of excess/need electricity which has to be exported/imported to/from the grid; cost of purchased electricity and the value of electricity sales, as they may vary with the time of the day, the day of the month, etc. Using the above mentioned data, our software can determine which operating mode is the most economical or even whether the unit should be shut down. Moreover, by "monitoring" operational parameters such as efficiency, operating hours, produced thermal energy, the algorithm can help in maintenance scheduling. If the system is unattended, the software can be linked by an internet line with a remote monitoring centre, where the computer analysis of the data may notify the skilled staff about an impending need for scheduled or unscheduled maintenance. Furthermore, as part of a data acquisition system, our software generates reports of system technical and economic performance for each cogeneration group and/or for the other actors.
VIII. CONCLUSION
A generalized model coupled with an optimization approach to find the optimal operating strategy has been developed for industrial heat and electricity production. The present approach has the next innovative key points: the modelling of uncertainties, the development of a new tool for computing bid functions for the electricity day-ahead market and solving optimization model of CHP system for long term unit commitment. The used models incorporate transition and maintenance costs and the characteristics of equipments. It also determines an optimal solution for the multi-period operation. The proposed model can be used by the utility to find the peak demand reduction of any cogeneration system under different tariff rates.
